[1] With the motivation to improve the simulation of western North Pacific (WNP) summer monsoon, the regional climate model RegCM3 is coupled with the Princeton ocean model (POM2000) through the coupler OASIS3.0 (Ocean Atmosphere Sea Ice Soil 3.0). The performance of the regional ocean-atmosphere coupled model (hereafter ROAM) is assessed by doing case simulation of the 1998 summer monsoon. The cold bias of simulated sea surface temperature (SST) is evident as previous ROAM simulations over the Asian-Australian summer monsoon region. Five sets of sensitivity experiments with convection suppression criterion based on the averaged relative humidity from cloud base to cloud top are designed to improve the performance of ROAM. The results show that the column-averaged cloud fraction is reduced in convection suppression experiments. A reduction of column-averaged cloud cover, which is dominated by the decrease of convective cloud cover, increases the solar shortwave radiation reaching in sea surface, then warms the SST. A reduction of convective rainfall is followed by an increase of large-scale rainfall which results from increasing cloud water. When the critical value is set to 0.70, the rainfall is partly improved in terms of the spatial distribution and root-mean-square error. The percentage of convective rainfall over WNP is also improved. The authors show evidence that the SST cold biases, which are evident in many regional ocean-atmosphere coupled models in the Asian-Australian summer monsoon region, may partly stem from the overestimation of convection frequency by the atmospheric model. Citation: Zou, L., and T. Zhou (2011), Sensitivity of a regional ocean-atmosphere coupled model to convection parameterization over western North Pacific,
Introduction
[2] Regional climate models (RCMs) have been widely used as a downscaling tool in regional climate studies and future climate projection [Giorgi and Mearns, 1999; Leung et al., 2003; . To assess the performance of RCMs, many coordinated projects have been organized, such as PRUDENCE (Prediction of Regional scenarios and Uncertainties for Defining EuropeaN Climate change risks and Effects) program, http://prudence.dmi.dk/), ENSEMBLES (http://ensembles-eu.metoffice.com/), NARCCAP (North American Regional Climate Change Assessment Program, http:// www.narccap.ucar.edu/), RMIP (Regional climate Model Intercomparison Project) [Fu et al., 2005] , and CORDEX (A COordinated Regional climate Downscaling EXperiment, http://www.meteo.unican.es/en/projects/CORDEX). The implementation of these projects has enriched our understanding on the performance of RCMs over different parts of the world.
[3] In these studies, the RCM is usually forced by either observed or predicted sea surface temperature (SST). While this strategy is reasonable in many regions, limitation is found over Asian-Australian monsoon (hereafter AAM) region. Recent studies found that the SST over the domain is primarily forced by the atmosphere in boreal summer [B. Wang et al., 2004; Krishna Kumar et al., 2005; Wang et al., 2005; Wu and Kirtman, 2005; Wu et al., 2009a Wu et al., , 2009b . Thus local monsoon-warm pool ocean interactions should be considered in the prediction and simulation of summer monsoon rainfall [Wang et al., 2005] . Many simulations using global Atmospheric General Circulation Model (AGCM) driven by observed SST generally show low skills in rainfall simulations over the AAM domain [Zhou et al., 2008 , partly because of the absence of two-way air-sea interaction in this kind of SST-specified simulation, while cumulus parameterization may also be an important contributor to the biases. To improve the simulation of AAM, it is desirable to develop regional ocean-atmosphere coupled models.
[4] In recent years, great effort has been devoted to the development of ROAMs with focus on South China Sea monsoon [Lu et al., 2000] , East Asian monsoon [Ren and Qian, 2005; Yao and Zhang, 2008; Li and Zhou, 2010; Fang et al., 2010; Fang and Zhang, 2011] , Indian monsoon [Ratnam et al., 2009] , and Maritime continent region [Aldrian et al., 2005] . While improvements are evident in ROAM simulations of rainfall and circulations, many ROAMs generally show cold bias in SST field [Ren and Qian, 2005; Ratnam et al., 2009; Li and Zhou, 2010; Fang et al., 2010; Fang and Zhang, 2011] . The SST bias was ascribed to the following processes: (1) the disagreement of surface heat fluxes produced by atmospheric model with those required by oceanic model [Ren and Qian, 2005; Fang et al., 2010] , (2) the bias of incoming solar shortwave radiation flux at sea surface [Li and Zhou, 2010] , and (3) the adjustment of SST to the errors in the atmospheric model [Ratnam et al., 2009] . The reasons for the model bias are still inconclusive and how to efficiently improve the performance of ROAM remains an open question.
[5] Cumulus parameterization is crucial to climate models [Arakawa, 2004; Chen et al., 2010] . There are various schemes of cumulus parameterization. In some schemes such as Grell scheme [Grell, 1993] and Emanuel scheme [Emanuel, 1991] , the convection process is mainly driven by buoyancy. Such kind of scheme may overestimate the frequency of convection, since the initiation of convection only depends on the instability of troposphere, while in nature some unfavorable conditions of atmospheric environment such as dry condition of lower free atmosphere over subtropical high may inhibit the formation of convection [Markowski et al., 2006] . In order to take into account the effects of large-scale environment, convection suppression criteria have been applied to numerical models to improve the performance of cumulus parameterization schemes, and the inclusion of convection suppression criteria significantly improves the simulation of East Asian summer monsoon rainfall [Emori et al., 2001; Chow et al., 2006] . The resolution of the regional atmospheric model is 50 km in the work of Emori et al. [2001] , while 60 km in the work of Chow et al. [2006] . These results were based on standalone RCM or AGCM without air-sea interaction process.
[6] In this study, with the motivation to improve the simulation of AAM, a regional ocean-atmosphere coupled model (ROAM) is developed. The performance of the ROAM model in simulating the WNP summer monsoon (WNPSM), which is a component of the broad AAM system [Wang and Lin, 2002] , is assessed. In this study the WNPSM in year 1998 is chosen since this case has been selected for the evaluation of AGCMs on AAM simulation [B. Wang et al., 2004] and of RCMs on East Asia summer monsoon simulation [Wang et al., 2003; Chow et al., 2006] because of the unprecedented 1997/1998 El Niño event. Impacts of convection suppression criterion on the improvement of SST and rainfall patterns are investigated.
[7] The remainder of the paper is organized as follows. Section 2 gives the brief introduction of the ROAM. The convection suppression criteria employed in this study and the experiment design are also described in section 2. The sensitivities of SST and rainfall simulated in ROAM to convection suppression are presented in section 3. Further discussions are given in section 4. The major results and concluding remarks are summarized in section 5. [Kiehl et al., 1996] is employed to represent radiation processes. The nonlocal atmospheric boundary scheme developed by Holtslag et al. [1990] is adopted. The ocean surface flux, including sea surface latent heat flux, sensible heat flux and surface turbulence momentum flux, are calculated using the scheme proposed by Zeng et al. [1998] .
[9] The cumulus parameterization scheme of Grell [1993] with the assumption closure of Fritsch and Chappell [1980] is used to compute the convective rainfall. This scheme was also employed in regional climate studies [c.f. Lee et al., 2004; Gao et al., 2006] and regional ocean-atmosphere model studies [Li and Zhou, 2010; Fang et al., 2010; Fang and Zhang, 2011] over East Asia. Previous results show that regional climate models with this scheme exhibit reasonable performances in simulating the precipitation over East Asia. In the Grell scheme, convection is represented by an updraft and downdraft pair in steady state circulations with no direct mixing between the environment and convective clouds except at the top and bottom of the circulations. This results in a constant cloud mass flux in the updraft and downdraft with height. The originating levels of the updraft and downdraft are given by the levels of maximum and minimum moist static energy, respectively. The convection scheme is activated when a lifted parcel becomes buoyant. The closure assumption of Fritsch and Chappell [1980] is employed for calculating the mass flux at the bottom of the updraft. This assumption is a stability-based closure assumption, assuming that the cloud remove the available buoyant energy in a given time. For each vertical model layer, convective cloud cover CC was defined as
Where N is the number of convective layers.
[10] The Subgrid Explicit Moisture Scheme (SUBEX) [Pal et al., 2000] is used to treat nonconvective cloud and precipitation processes. SUBEX calculates the autoconversion of cloud water to rainwater, accretion, evaporation, and cloud fraction at each grid point. Precipitation forms when the cloud water content exceeds a threshold value. The large-scale cloud fraction CS is determined by
Where RH is the grid point relative humidity, RH min (0.90 over ocean and 0.80 over land) is the relative humidity threshold where clouds start to form, and RH max (101% in the model) is the relative humidity where CS reaches one. In the model, the total layer cloud cover was calculated as CCF ¼ maxðCC; CSÞ ð 3Þ
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[11] For a full description of SUBEX and its incorporation in RegCM3, see the work of Pal et al. [2000] .
Oceanic Model
[12] The oceanic component of ROAM is Princeton Ocean Model version 2000 (POM2000) (Available at http:// www.aos.princeton.edu/WWWPUBLIC/htdocs.pom/ FTPbackup/usersguide0604.pdf), which was developed in Princeton University and further improved by Chu and Chang [1997] and Qian et al. [1998] for a better simulation of East Asian coastal regions. POM is a sigma coordinate, free surface, primitive equation oceanic model.
Ocean-Atmosphere Coupling
[13] The RegCM3 and POM2000 models are coupled through the Ocean Atmosphere Sea Ice Soil 3.0 (OASIS3.0) coupler [Valcke, 2006] . During the process of coupling, the RegCM3 provides sea surface heat flux and wind stress to POM2000, while the POM2000 supplies the SST field to RegCM3 as the surface condition. Surface salinity is restored toward the climatology of Levitus [1982] , since the fresh water flux is not included in the coupling process. The exchange frequency is 3 h. Because of different resolutions of atmospheric and oceanic models, the coupling fields from source grid to target grid are interpolated by using "mosaic" method inside the coupler.
Convection Suppression Criterion
[14] Convection is activated when the relative humidity (RH) averaged from the cloud top to cloud base is larger than a critical value. The mean RH is defined as follows:
where q is the specific humidity, q* is the saturation specific humidity, and z B and z T are the level of the cloud base and the cloud top. The critical value of RH was set to 0.80 by Emori et al. [2001] for the Arakawa-Shubert cumulus scheme and Wang et al. [2003] for the Tiedtke scheme, but 0.55 by Chow et al. [2006] for the Emanuel scheme. This technique is implemented at every time step as follows: After the model calls the package of convection scheme, if the RH is lower than the critical value of RH, the cloud liquid water content and cloud fractional cover for convective precipitation, and the tendency of temperature and specific humidity would not be updated.
Experimental Design
[15] The model domain and topography in this study are shown in Figure 1 . The domain covers 0-40°N, 105°E-160°E
. The horizontal resolution of RegCM3 is 45 km and there are 18 vertical levels with a model top at 50 hPa. The initial and lateral boundary condition of the atmosphere are derived from National Center for Environmental Prediction/ Department of Energy (NCEP/DOE) reanalysis 2 (R2) [Kanamitsu et al., 2002] and updated every 6 h.
[16] The horizontal resolution of POM2000 is 0.5°× 0.5°a nd there are 16 vertical levels over the domain. The lateral temperature and salinity boundary conditions of POM2000 were derived from the climatological monthly mean data of Levitus [1982] . A nongradient extrapolation method is adopted to treat the open boundary condition [Qian et al., 1998 ]. While the ocean currents are not nudged, the POM2000 model shows reasonable performance in simulating the regional ocean circulation and SST in the coastal area of China, and can be used as the oceanic component of ROAM [Zhang and Qian, 1999; Ren and Qian, 2005] .
[17] Before fully coupling, the ocean model was driven by climatological monthly mean surface wind and heat fluxes derived from R2 averaged from 1979 to 2007 for one year, then the model was continually driven by daily surface R2 data interpolated from the monthly mean data from 1 January to 25 April 1998 to obtain an initial ocean condition for next step's fully coupled run.
[18] The fully coupled simulation period is from 25 April to 31 August 1998. Eight experiments have been performed (Table 1 ). The first run employs the original Grell scheme and is referred to "CPL_CTRL." To investigate the influence of convection suppression criterion on the results of ROAM simulation, five sets of sensitivity experiments are designed, and the critical value of mean RH (RH c ) are set to 0.55, 0.65, 0.70, 0.75 and 0.80, receptively. These five sets of sensitivity experiments are termed as "RH_55," "RH_65," "RH_70," "RH_75" and "RH_80," respectively. The results covering (5°N-35°N, 110°E-155°E) , which exclude the buffer zone of regional atmospheric model, are analyzed. The regional average means an average within the ocean region of (5°N-35°N, 110°E-155°E ) in the following discussion.
Data Description
[19] The following satellite and observational data sets are used for the validation of model results: (1) the convective et al., 2001] ; (2) the daily rainfall with a resolution of 0.25°× 0.25°derived from TRMM 3B42 [Huffman et al., 2007] ; (3) Sea surface temperature derived from weekly optimally interpolated sea surface temperature (OISST) data with 1°× 1°resolution [Reynolds et al., 2002] ; (4) the sea surface latent and sensible heat fluxes derived from the objectively analyzed air-sea heat fluxes (OAFlux) version 3 ; (5) surface radiation fluxes derived from the International Satellite Cloud Climatology Project (ISCCP) [Zhang et al., 2004] .
Results
[20] In this section, we first examine the performance of the coupled model in simulating the pattern of SST, which is the direct product of air-sea coupling. Then, sensitivity of rainfall simulation to convection suppression is investigated.
SST Pattern
[21] The spatial distribution of SST averaged from May to August of 1998 over WNP region (5°N-35°N, 110°E-155°E ) is shown in Figure 2 . Warm seawater larger than 29°C is found over south of 24°N in OISST (Figure 2a) . SST larger than 30°C is located over South China Sea. The SST simulated in CPL_CTRL shows a "low-trough" pattern (Figure 2b ), appearing as a cold bias of SST. This pattern is also evident in some previous ROAMs [Li and Zhou, 2010; Fang et al., 2010; Fang and Zhang, 2011] . The simulated SST larger than 29°C retreats to south of 10°N (Figure 2b) . The CPL_CTRL has a spatial pattern correlation coefficient (SCC) of 0.91 with OISST2, and the root mean square error (RMSE) is 1.60°C (Table 2 ). The cold bias is evident in the whole domain (Figure 3a) . The regional-averaged SST bias is −1.44°C (Figure 4) . Note the regional-averaged bias of initial SST is −0.37°C (figure not shown), the coupling further increases the bias.
[22] The SST cold bias over the Philippine Sea (South China Sea) is significantly reduced when the RH c is set to larger than 0.65 (0.75) (Figure 3 ). The regional-averaged SST bias is reduced to −1.27°C, −1.01°C, −0.90°C, −0.80°C, −0.71°C in RH_55, RH_65, RH_70, RH_75 and RH_80, respectively (Figure 4 ), indicating that a larger RH c would reduce the SST cold bias more significantly. The spatial pattern of SST averaged from May to August of 1998 is also improved when convection suppression criterion is applied (Table 2) . Larger SCC and smaller RMSE are found when larger RH c is set.
[23] Why does the convection suppression warm the SST? To answer this question, the regional-averaged sea surface heat budget, including net solar shortwave radiation (SSR, positive downward), latent heat flux (positive upward), sensible heat flux (positive upward) and surface net longwave radiation (positive upward) averaged from May to August 1998, is analyzed ( Figure 5 ). The latent and sensible heat fluxes derived from the OAFlux and the ISCCP data sets are also calculated. Following enhanced convection suppression, the isolation reaching sea surface increases (Figure 5a ). The SSR is 207.73 W/m 2 in CPL_CTRL, 224.84 W/m 2 in RH_80, while 245.79 W/m 2 in ISCCP. Compared with field measurement, the ISCCP data overestimates net solar shortwave radiation at sea surface about 10-15% [Liu et al., 2010] .
[24] In contrast to surface insolation, the differences in latent heat fluxes among different experiments are smaller than those in solar fluxes (Figure 5b ). The simulated regional average e of latent heat fluxes are close to the OAFlux data. The averaged latent heat flux is 109.46 W/m 2 in CPL_CTRL, 106.47 W/m 2 in RH_80 and 104.25 W/m 2 in OAFlux. It seems that the convection suppression has little impact on the simulation of sea surface evaporation.
[25] The suppressed convection decreases the sensible heat flux in ROAM simulation over the WNP region (Figure 5c ). The averaged sensible heat flux in the simulation with RH c being set to 0.70 is close to OAFlux data. The averaged [26] The differences of surface long-wave radiation in ROAM simulation are smaller than those of solar fluxes when convection suppression criterion is applied (Figure 5d ). The simulated surface long-wave radiation is weaker than ISCCP. [27] This analysis suggests that the increase of surface solar shortwave radiation is the major factor that dominates SST bias in convection suppression experiments. Cloudi- ness is an important factor that affects the amount of insolation reaching the sea surface. The column-averaged cloud cover (calculated from sigma levels of 0.98 to 0.05) averaged from May to August 1998 is shown in Figure 6 . Larger RH c corresponds to less cloud cover. The reduced cloudiness in convection suppression simulations allows more insolation to reach at sea surface as shown in Figure 5a . The enhanced insolation significantly reduces the cold bias of SST.
Rainfall Simulation
[28] The analysis above show that the warmer SST is simulated when larger RH c is set in RegCM3. The responses of rainfall to suppressed convection are examined in this subsection.
[29] The spatial distribution of rainfall averaged from 1 May to 31 August 1998 over WNP region (5°N-35°N, 110°E-155°E) is shown in Figure 7 . The major rainband is located over the equatorial region and the northwestern flank of the western Pacific subtropical high in the TRMM3B42 data (Figure 7a) . The rainband over equatorial region is reasonably captured in CPL_CTRL, despite of the underestimation of rainfall intensity (Figure 7b) . A strong rainfall peak is seen east of 140°E (Figure 7b ), while it is not evident in TRMM data. In addition, the rainfall over the subtropical high is underestimated in CPL_CTRL. The CPL_CTRL has a spatial pattern correlation coefficient (SCC) of 0.21 with TRMM 3B42 data, and the root mean square error (RMSE) is 3.23 mm/d (Table 3 ). The unrealistic rainfall band over east of 140°E in CPL_CTRL is reduced in the experiments with RH c larger than 0.55. The rainfall over the subtropical high is increased when the convection is suppressed. But the simulated rainfall patterns do not exhibit further improvements when RH c is set to larger than 0.70. This is confirmed by the statistics shown in Table 3 : the largest (smallest) SCC (RMSE) is 0.44 (2.95 mm/d) is found when RH c is set to 0.70. A common bias is evident over west of Philippine where rainfall is larger than 6 mm/d in TRMM data, but less than 2 mm/d in all simulations.
[30] We further assess the ability of the model to simulate the passing of storms by comparing the probability density function (pdf) distribution of regional-averaged observed daily rainfall rates with that of the simulation. As shown in Figure 8 , the observation exhibits a peak around 5-6 mm/d, while the control experiment CPL_CTRL features a peak around 3-4 mm/d. The changes of convection suppression criterion are not followed by any improvement in pdf distribution, suggesting that the convection suppression cannot improve the performance of the model in simulating the passing of storms.
[31] The regional averaged convective percentages (defined as the percent of total rainfall that is convective) Figure 4 . The regional-averaged SST difference (°C) averaged from May to August 1998 between simulations and OISST. The regional average means an average within the ocean region of (5°N-35°N, 110°E-155°E ). averaged from May to August of 1998 are compared with that from TRMM 3A12 data in Figure 9 . The convective percentage is 60% to 65% over ocean in TRMM 3A12 data. The simulation without convection suppression overestimates the convective percentage by 20-30%, indicating that the convection occurs too frequently. When the RH c is set to 0.65 and 0.70, the convection is realistically suppressed, thus the convection percentage is comparable to that derived from the TRMM data.
[32] The impacts of convection suppression criterion on convective percentages are not spatially uniform. The spatial distributions of convective percentages of rainfall averaged from May to August 1998 are shown in Figure 10 . The convective percentage for most oceanic region is about 60-80% in TRMM data, but the corresponding percentage of the CPL_CTRL experiment is larger than 80%. When convection suppression criterion is applied, the simulated convective percentage south to 20°N is reduced. The decrease Figure 6 . Same as Figure 5 but for column-averaged cloud fraction (%).
of convective percentages from 20°N to 30°N is not as evident as that over south to 20°N. It can be inferred from Figure 9 and Figure 10 that the partition of convective rainfall is reasonably simulated when RH c is set to 0.70.
Discussion
[33] The analysis above indicates that both the cold bias of SST and rainfall patterns is reasonably improved when the convection is realistically suppressed. This suggests that the cold bias of SST reported in many previous ROAMs simulation over the AAM domain may be partly caused by the overestimation of frequency of convection occurred in atmospheric component models. The results also demonstrate that the convection suppression criterion employed in stand-alone RCMs is also useful in ROAMs. In this section, we discuss the consistency between the changes of rainfall and clouds, and other possible reasons that contribute to the cold bias of SST in ROAM.
Consistency Between the Changes of Rainfall and Clouds
[34] In our results, the reduction of column-averaged cloud cover (Figure 6) is not followed by a decrease of total rainfall in convection suppression experiments. The regional averaged total rainfall, convective rainfall and large-scale rainfall averaged from May to August of 1998 are shown in Figure 11 . Less (more) total rainfall corresponds to a larger RH c when RH c is set to lower (larger) than 0.65. This indicates that the total rainfall is not dominated by the columnaveraged cloud cover. Less convective rainfall is produced when a larger RH c is set (Figure 11b ), suggesting that the reduction of column-averaged cloud cover is followed by the decrease of convective rainfall. On the contrary, following enhanced convection suppression, the large-scale rainfall increases (Figure 11c ). This contributes to the increase of total rainfall when RH c is set to larger than 0.65. Further analysis shown in Figure 12 indicates that the increase in total rainfall comes from the increasing cloud water.
Other Possible Reasons That Contribute to the Cold Bias of SST
[35] The cold bias of simulated SST in this study cannot be solely ascribed to the representation of cumulus convection in atmospheric models, since the cold bias is still evident when the convective percentages of rainfall is reduced to 35% (see Figure 9 and Figure 4 , when RH c is set to 0.80). There are other processes that may contribute to the cold bias of SST. For example, our analysis shows that the cloudiness is one important factor that affects the SST simulation. This implies that the cloud scheme may also be crucial to SST simulation. Since the SUBEX scheme has been validated only for the midlatitudes [Pal et al., 2000] , the amount of grid box relative humidity needed for cloud formation, which is one of the important parameters in SUBEX scheme, is tuned for a better simulation of rainfall in RegCM3 over tropical region [Davis et al., 2009] . The impacts of this parameter on the cold bias of SST deserve further study.
[36] In addition to cloud scheme, the weakness of the treatment of open boundary of POM2000 in our ROAM may also contribute to the cold bias. Since the observed or analyzed ocean currents are not nudged in current oceanic component, the strength of the heat transport by Kuroshio Current and its extension may be underestimated.
[37] In addition, this study is based on the case of 1998 summer monsoon. Whether the optimal value of the convection suppression is case dependent warrants future study.
Summary
[38] In this study, with the motivation to improve the simulation of Asian-Australian monsoon (AAM), a regional ocean-atmosphere coupled model (ROAM) based on OASIS3.0 coupler is developed. The atmospheric component of the ROAM was RegCM3, and the oceanic component was POM2000. The performance of ROAM is assessed by doing case simulation of summer monsoon season in 1998 over the western North Pacific Ocean. Seven sets of sensitivity experiments with different convection suppression criterion based on averaged RH from cloud base to cloud top were designed to alleviate the cold bias over this region. The response of rainfall to the convection suppression in ROAM is examined. The main results are summarized below.
[39] 1. The cold bias of SST is evident in the ROAM simulation without convection suppression during the period of 1 May to 31 August 1998 over the WNP domain. The coupling increases the initial bias, leading to a regionalaveraged SST bias of −1.44°C. The rainfall is underestimated over the region controlled by the subtropical high and overestimated over the regions east of 140°E. [40] 2. The SST cold bias is significantly reduced in ROAM simulation when the convection is shut down if the mean RH between cloud base and cloud top is less than 0.65. A larger critical value corresponds to a warmer SST.
[41] 3. The suppressed convection reduces the columnaveraged cloud fraction, which increase the solar shortwave radiation reaching at sea surface, then warm the simulated SST. The reduction of column-averaged cloud fraction may be primarily contributed by the decrease of convective cloud cover, which is consistent with decrease of convective rainfall.
[42] 4. A decrease of convective rainfall is followed by an increase of large-scale rainfall which results from the increasing cloud water. When the critical value is set to 0.70, the rainfall in ROAM simulation is partly improved in terms of spatial distribution, RMSE. The percentages of convective rainfall over the WNP are also improved. The impact of convection suppression on the Probability Density Function distribution of daily precipitation rate is not significant.
[43] In addition, our study suggests that the convection suppression criterion is also useful in regional model simulation with air-sea coupling. The results imply that the cold bias of SST in many previous ROAM simulations over the AAM domain may be partly caused by the overestimated frequency of convection occurred in the atmospheric model. Finally, although our study is based on regional ocean-atmosphere coupled model, the results should also be helpful to the understanding of tropical bias in global oceanatmosphere coupled models. 
